Detailed investigations of particles captured from comet Wild 2 by the Stardust spacecraft and a giant cluster interplanetary dust particle (IDP) of probable cometary origin have shown that high temperature, moderately refractory materials are present in outer Solar System bodies where Kuiper Belt objects accreted [1,2]. Unraveling the physical and chemical processes of how these particles formed is vital toward understanding comets. The mineral pyroxene, a common phase in these refractory grains and believed to be a nebular condensation product, often contains significant amounts of the transition element Ti which can adopt different oxidation states, thus pyroxenes can provide evidence of redox conditions during formation of their host grains.
The technique uses the element V to fix the Ti ELNES peaks on the energy loss axis. Because the V peaks have fixed energy positions and their core-loss edges occur above Ti (~58eV) they can be used to precisely position the Ti peaks whose energy positions vary with valence. This method removes the uncertainties due to energy drift during EELS spectrum acquisitions and anchors the Ti core-loss ELNES spectra on the energy-loss axis thus all measured spectra can be directly compared to one another. To implement the technique, a V-coated carbon film (V < 10 nm) on a separate TEM grid is placed directly below the TEM grid containing the pyroxene sample.
To estimate the Ti valence states in the pyroxenes we use the "white-line" method where Ti L2/L3 core-loss ratios are measured and applied to a L2/L3 vs Ti 4+ /(Ti 4+ + Ti 3+ ) calibration curve established from Ti oxides with known oxidation states (Fig. 1) . One eV-wide regions-of-interest (ROIs), chosen to maximize the L2/L3 ratios from the Ti oxide standards, are used for the measurements. Because the local energy environments in the pyroxenes are different than those in the Ti oxide standards which were used to generate the calibration curve, the measured Ti 4+ /(Ti 4+ + Ti 3+ ) ratios in the pyroxenes are considered semi-quantitative.
We have applied this technique to Ti-rich pyroxenes on <10 µm particles from comet Wild 2 and an IDP of probable cometary origin (Fig. 2) . In Fig. 3 detailed Ti ELNES spectra are compared to one another and are shown with the Ti oxide standards TiO2 (100% Ti 4+ ) and Ti2O3 (100% Ti 3+ ). We measured Ti 4+ /(Ti 4+ + Ti 3+ ) ratios of 0.39 and 0.55 in the comet Wild 2 sample and 0.27 -0.89 in pyroxenes in the giant cluster IDP. The data indicate wide-ranging oxidation states in pyroxenes in refractory materials from comets. Because the pyroxene measurements were obtained from grains in close physical proximity to one another (within 10 µm particles), this suggests that refractory-rich materials in comets formed in the solar nebula in a region with significant spatial and/or temporal variations in oxygen abundance. Variable oxidation states in pyroxenes in refractory inclusions were obtained in some carbonaceous chondrite meteorites [5] . 
